Regulatory interplay between TFIIDs conformational transitions and its modular interaction with core promoter DNA. by Cianfrocco, Michael & NOGALES, Eva
Lawrence Berkeley National Laboratory
Recent Work
Title
Regulatory interplay between TFIIDs conformational transitions and its modular interaction 
with core promoter DNA.
Permalink
https://escholarship.org/uc/item/3n57t1d9
Journal
Transcription, 4(3)
Authors
Cianfrocco, Michael
NOGALES, Eva
Publication Date
2013-05-01
DOI
10.4161/trns.25291
 
Peer reviewed
eScholarship.org Powered by the California Digital Library
University of California
Transcription 4:3, 120–126; May/June 2013; © 2013 Landes Bioscience
 POINT-OF-VIEW
120 Transcription Volume 4 Issue 3
Keywords: TFIID, Cryo-EM, core pro-
moter, DNA binding, conformational 
flexibility, gene regulation
Abbreviations: TFIID, transcription 
factor for RNAP II fraction ‘D’; RNAP 
II, RNA Polymerase II; GTF, general 
transcription factor; DPE, downstream 
promoter element; MTE, motif ten ele-
ment; Inr, initiator element; TBP, TATA-
binding protein; TAFs, TBP-associated 
proteins; MPE-Fe, methidiumpropyl-
EDTA-iron(II); SCP, super core promot-
er; TBP/PIC, TBP-based pre-initiation 
complex; EM, electron microscopy
Submitted: 05/02/13
Revised: 06/04/13
Accepted: 06/05/13
http://dx.doi.org/10.4161/trns.25291
*Correspondence to: Eva Nogales; 
Email: enogales@lbl.gov
Recent structural and biochemical studies of human TFIID have sig-
nificantly increased our understand-
ing of the mechanisms underlying the 
recruitment of TFIID to promoter 
DNA and its role in transcription ini-
tiation. Structural studies using cryo-
EM revealed that modular interactions 
underlie TFIID’s ability to bind simul-
taneously multiple promoter motifs and 
to define a DNA state that will facili-
tate transcription initiation. Here we 
propose a general model of promoter 
binding by TFIID, where co-activators, 
activators, and histone modifications 
promote and/or stabilize a conforma-
tional state of TFIID that results in core 
promoter engagement. Within this high 
affinity conformation, we propose that 
TFIID’s extensive interaction with pro-
moter DNA leads to topological changes 
in the DNA that facilitate the eventual 
loading of RNAP II. While more work 
is required to dissect the individual con-
tributions of activators and repressors to 
TFIID’s DNA binding, the recent cryo-
EM studies provide a physical framework 
to guide future structural, biophysical, 
and biochemical experiments.
Promoter Recognition by TFIID
Gene expression is an essential and com-
plex cellular task that requires the coor-
dinated activities of many proteins and 
RNAs. At the core of this highly regu-
lated process is transcription initiation by 
RNA Polymerase II (RNAP II), which 
Regulatory interplay between TFIID’s conformational transitions and 
its modular interaction with core promoter DNA
Michael A Cianfrocco1,†,‡ and Eva Nogales2,3,*
1Biophysics Graduate Group; University of California; Berkeley, CA USA; 2Howard Hughes Medical Institute; Department of Molecular and Cell Biology; 
University of California; Berkeley, CA USA; 3Life Sciences Division; Lawrence Berkeley National Laboratory; Berkeley, CA USA
†Current Affiliation: Department of Molecular and Cellular Biology; Harvard University; Cambridge, MA USA; ‡Department of Cell Biology;  
Harvard Medical School; Boston, MA USA
synthesizes RNA transcripts from DNA 
coding sequences. Since RNAP II cannot 
bind double stranded DNA, nor identify 
the start of a gene, a host of factors are uti-
lized to guide RNAP II onto promoters in 
response to environmental cues or cellular 
signals. This regulatory task requires the 
combined influence of upstream trans-
acting factors in conjunction with pro-
moter cis-acting sequences. Both TFIID 
and Mediator serve as central players that 
establish a molecular link between distal 
activators and RNAP II loading.1 TFIID is 
a large, multi-subunit complex comprised 
of TBP and 13–14 TBP-associated factors 
(TAFs) that, unlike Mediator, contains 
subunits capable of promoter DNA rec-
ognition.2 In addition to TBP-mediated 
binding of the TATA box,3 other subunits 
of TFIID make sequence-specific con-
tacts with downstream promoter motifs 
known as the Initiator (Inr),4 motif ten 
element (MTE),5 downstream promoter 
element (DPE),6 and the downstream core 
element (DCE).7 Recognition of one or 
more of these promoter motifs, in com-
bination with distal-acting activators and 
repressors, is integrated by TFIID into a 
single output, loading of RNAP II at the 
promoter.
Structural Flexibility  
of Human TFIID
Despite decades of biochemical charac-
terization of TFIID’s role in transcription 
initiation, little is known regarding the 
structural basis for TFIID’s interaction 
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downstream DNA interactions by lobe C 
may be inhibited by the position of lobe A 
in the canonical state.
Downstream Promoter DNA  
is Bound by Lobe C
A hallmark of the TFIID-TFIIA-DNA 
cryo-EM structure is the direct visualiza-
tion of the downstream DNA bound to 
TFIID (Fig. 1B, green). The structure 
shows how TFIID interacts with DNA up 
to, and including, the MTE (+18 to +27) 
and DPE (+28 to +32) motifs (Fig. 1C), 
while density that can account for the last 
~15 bps of downstream promoter extends 
away from the complex. This feature is 
consistent with DNase I footprinting of 
TFIID on SCP DNA,10,15 where TFIID 
only makes contacts up to the DPE motif, 
thus serving as an internal control for the 
validity of the DNA path visualized in the 
TFIID-TFIIA-DNA cryo-EM structure.
The linear path of downstream pro-
moter DNA on the surface of human 
TFIID also provides a structural explana-
tion for the previously observed pattern 
of DNase I sensitive sites spaced every 
10 bps between positions +3 and +32 
overcome a surprising discovery: that lobe 
A, the major lobe within the horseshoe-
shaped human TFIID structure, moves 
by over 100 Å from a previously character-
ized “canonical” state into a newly discov-
ered “rearranged” state (Fig. 1A and B). 
Past TFIID structural studies focused 
only on a single conformation of the com-
plex, the canonical state,11-14 overlooking 
the dramatic structural transitions of lobe 
A as it changes connectivity from lobe C 
(canonical state) to lobe B (rearranged 
state) (Fig. 1A and B).
The newly characterized structural 
transitions in TFIID appear highly rel-
evant for its biological function, as indi-
cated by the fact that the presence of 
TFIIA and/or promoter DNA, natural 
binding partners of TFIID, affect TFIID’s 
conformational equilibrium. EM analysis 
of TFIID in the presence of both TFIIA 
and DNA showed that the newly discov-
ered rearranged structure binds DNA 
and becomes the predominant state of 
the complex. While the functional conse-
quences of the canonical conformation of 
TFIID remain to be further explored, it 
may represent a structural state that exhib-
its differential DNA affinities, whereby 
with promoter DNA. This limitation has 
been due to the inability to produce large 
amounts of the holo–TFIID complex 
from recombinant sources, which has only 
recently been partially overcome through 
the reconstitution of a core TFIID sub-
complex using the MultiBac system.8 
Thus, most structural studies have relied 
solely on the low yield of endogenous 
TFIID purified from nuclear extracts, lim-
iting the possibilities for crystallographic 
study. In contrast to X-ray crystallography, 
single particle electron microscopy (EM) 
is ideally suited to visualize the structure 
of large and scarce protein complexes. 
Furthermore, recent technical advances 
in this field are leading to 3D reconstruc-
tions of ever improving resolution, as well 
as an improvement in the unique ability of 
cryo-EM to detect and describe the struc-
tural dynamics exhibited by most macro-
molecular complexes.9
The potential of EM as a structural 
tool to analyze heterogeneous samples 
is exemplified by our recent cryo-EM 
study of human TFIID bound to super 
core promoter (SCP) DNA.10 In order to 
determine the 3D structure of promoter-
bound human TFIID, it was necessary to 
Figure 1. TFIID introduces topological changes in promoter DNA upon formation of the rearranged, DNA-bound conformation. Cryo-EM structures 
of the canonical conformation of TFIID (A) and the rearranged conformation of TFIID-TFIIA-SCP (B). The BC core is shown in blue, the flexible lobe 
A in orange (A) and yellow (B), and the SCP DNA in green (B). Promoter DNA positions +1 and +45 are indicated (B). (C) Mesh: Cryo-EM structure of 
TFIID-TFIIA-SCP(−66) rotated by 90 degrees relative to (B). The structure shows the location of DNA position −66 exiting lobe A. Positions −66, +1, 
and +45 are indicated and colored according to promoter motifs in (G). (D) DNase I footprint modeled onto the DNA path through TFIID-TFIIA-SCP. 
Red surfaces: full cleavage; blue surfaces: partial cleavage; (E) MPE-Fe footprinting modeled onto the DNA path through TFIID-TFIIA-SCP. Pink surface: 
cleavage; MPE-Fe protection by TFIID-IIA indicated by black lines. (F) DNA model from the open complex of TBP/PIC.34 (G) Promoter DNA model from 
TFIID-TFIIA-SCP colored by promoter motifs and TFIID subunits that make sequence-specific contacts.
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amino acids) based upon thermodynamic 
calculations of inter-residue interaction 
energy using algorithms implemented 
in IUPred (http://iupred.enzim.hu)26 
(unpublished observation). This suggests 
that a large domain of TAF1 is likely 
unstructured and could serve to tether 
lobe A to the BC core. This hypothesis is 
consistent with the observation that TAF1 
is sensitive to limited proteolysis in vitro.27 
Therefore, we propose a model in which 
the N-terminus of TAF1 assembles with 
TBP and TAF2 to form lobe A, while the 
unstructured C-terminus tethers lobe A to 
the BC core.
TFIID as a Modular  
Transcription Factor
The cryo-EM structure of TFIID-TFIIA-
DNA indicates that TFIID utilizes two 
distinct sites of interaction with promoter 
DNA. A bipartite model of promoter rec-
ognition by TFIID is supported by in vivo 
and in vitro analysis of TFIID complex 
integrity. Through a systematic deple-
tion of each subunit of TFIID using RNA 
interference, a stable core subcomplex of 
TFIID was identified that comprises sub-
units TAF4, -5, -6, -9, -12, as knockdown 
of any of these subunits resulted in the 
concomitant loss of protein expression for 
the entire TFIID complex.28 We believe 
that this core complex corresponds to our 
structurally defined BC core (Fig. 1A, dot-
ted line), which is capable of interacting 
with MTE/DPE motifs. As accessory sub-
units to the core TFIID subcomplex, sub-
units TAF1, TAF2, TBP, and TAF11 were 
characterized as components that were 
dispensable for formation of the core sub-
complex. Therefore, as indicated above, 
we propose this subcomplex to correspond 
to the flexibly attached lobe A. These lobe 
assignments are supportive of a model of 
promoter binding whereby TFIID inter-
acts with upstream and downstream pro-
moter motifs via two distinct structural 
modules: binding of MTE/DPE by TAF6 
and TAF9 within the stable BC core, and 
upstream DNA binding by the TBP-
containing lobe A (Fig. 2A).
In further support of this model, a sub-
complex of human TFIID was recently 
reconstituted using MultiBac expres-
sion and visualized using cryo-EM.8 
important topological change that TFIID 
imparts on promoter DNA, considering 
the large MPE-Fe footprint spanning 30 
bps of the downstream DNA.
Lobe A and Upstream Promoter 
DNA Interactions
Across the central channel from lobe C’s 
interaction with downstream promoter 
DNA, lobe A interacts with the Inr, TATA 
box, and upstream DNA sequences. 
The presence of upstream DNA density 
extending away from lobe A provided a 
marker for the −66 position in the pro-
moter DNA, which served to approximate 
the location of the TATA box based upon 
its position at −31/30 (Fig. 1C). This local-
ization was corroborated by gold labeling 
of both the TATA box and TFIIA, which 
itself demonstrated that, within the con-
text of TFIID, TFIIA interacts with TBP 
in a manner similar to that observed in 
crystallographic studies.23,24 While this 
characterization is an important first step, 
higher resolution structures will be neces-
sary in order to determine unambiguously 
the path of DNA through lobe A and the 
structural changes induced by TFIIA to 
facilitate DNA binding.
TFIID’s interaction with upstream 
DNA through the mobile lobe A is sup-
ported by the ability of a TFIID sub-
complex to direct transcription from 
promoters containing TATA and Inr 
motifs.25 Through binding and transcrip-
tion assays, a subcomplex of TAF1-TAF2-
TBP was determined to be sufficient to 
bind TATA-Inr sequences and to direct 
transcription initiation in vitro.25 This 
suggested that TFIID’s sequence recogni-
tion of TATA-Inr is contained within a 
subdomain of the TFIID holo-enzyme. 
Therefore, given the modular nature of 
lobe A and its localization by the TATA 
box and Inr motifs seen in our EM stud-
ies, we propose that lobe A minimally 
comprises TAF1, TAF2, and TBP.
In addition to mediating contacts with 
TBP in lobe A, TAF1 may also serve as 
the TFIID subunit responsible for teth-
ering lobe A to the BC core. Analysis of 
unstructured domains within TFIID’s 
subunits indicates that TAF1’s C-terminus 
represents one of the longest regions of 
predicted unstructured resides (~225 
(Fig. 1D).5,6,10,15-18 Such a pattern is con-
sistent with the rise of the DNA helix and 
initially led to the model that the DNA 
is positioned on the surface of the TFIID 
structure in a manner analogous to a 
nucleosome.16 This notion appeared to 
be supported by the ability of TFIID to 
induce negative supercoiling on promoter 
DNA16 and by the presence of a histone-
like octamer within TFIID.19-21 However, 
subsequent studies have shown that TAF6 
and TAF9, the two TFIID subunits with 
a histone fold responsible for binding the 
MTE and DPE, interact with the DNA 
using unstructured loops instead of the 
globular histone fold,22 suggesting that 
they utilize an atypical DNA binding 
mode distinct from that of core histones.
The path of downstream promoter 
DNA observed on the surface of TFIID 
is most consistent with a non-nucleoso-
mal type of DNA interaction. Unlike 
nucleosomes, lobe C interacts with 
the downstream promoter DNA with-
out introducing dramatic distortions 
(Fig. 1B). This linear mode of interaction 
may be stabilized by the distributed inter-
action of TAF6 and TAF9 with the MTE/
DPE, which includes three key subregions 
of contact with the DNA over a 15 bp 
region (Fig. 1G).5
A novel interaction mode of TFIID on 
downstream DNA is further suggested 
by high-resolution chemical footprinting 
using methidiumpropyl-EDTA-iron(II) 
(MPE-Fe), which showed TFIID-
mediated protection of downstream DNA 
from MPE-Fe cleavage (Fig. 1E).10,17,18 
This result indicates that TFIID either 
physically prevents MPE-Fe intercalation, 
induces strain in the helix to prevent the 
widening necessary for intercalation, or 
a combination of both. Considering that 
TAF6 and TAF9 are the only subunits 
of TFIID providing sequence-specific 
contacts for the MTE and DPE motifs,5 
we propose that the continuous region 
of MPE-Fe protection from +3 to +18 is 
likely due to helical compaction caused 
by the simultaneous binding of TFIID to 
the Inr, MTE, and DPE, whereas MPE-Fe 
protection from +19 to +32 is the result of 
TAF6 and TAF9 interactions. While the 
underlying importance of this observa-
tion remains to be seen, we believe that 
this extended protection is the result of an 
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the path of DNA through the electron 
density, the present cryo-EM structure 
indicates that the DNA in this critical 
region may exhibit helical distortions that 
are exerted by TFIID during promoter 
binding.
Structural insight into the relevance 
of these TFIID-induced DNA topology 
changes may be obtained by comparing 
the DNA path in the cryo-EM struc-
ture of TFIID-TFIIA-DNA with that in 
the recently determined cryo-EM struc-
ture of an open TBP-based pre-initiation 
complex (TBP/PIC) comprising TBP-
TFIIA-TFIIB-RNAP II-TFIIF-TFIIE34 
(Fig. 1F). Since DNA melting starts 
between the TATA and Inr motifs, the 
same region of the promoter that exhib-
its changes in MPE-Fe and DNase I sen-
sitivity upon TFIID binding, we propose 
that the DNA path within the cryo-EM 
structure of TFIID-TFIIA-DNA is posi-
tioned and structurally primed to facili-
tate the eventual melting of the promoter 
DNA by the open RNAP II complex. 
Interestingly, when the path of DNA 
through both structures is compared, the 
position of DNA upstream of the TATA 
box is rotated approximately 90 degrees 
(Fig. 1F). It is tempting to speculate that 
lobe A, containing the TBP-TFIIA, may 
rotate during the switch into the open 
PIC complex. This additional transition 
of lobe A with respect to the BC core of 
TFIID would thus represent yet another 
essential step during transcription initia-
tion that relies on the conformational flex-
ibility of TFIID.
Interaction of TFIID with Diverse 
Promoter Architectures
Since TATA, Inr, MTE and DPE motifs 
are differentially utilized across the 
genome, there are important regulatory 
implications from studying TFIID bound 
to promoters of different architectures. 
For instance, the TATA box and DPE 
motifs are differentially utilized within 
the critical Hox gene locus in Drosophila, 
where specific genes either contain TATA 
or DPE motifs. From these studies, TATA 
and DPE-specific enhancers have been 
characterized as important determinants 
of body plan patterning through coor-
dinated gene regulation within the Hox 
the TFIID-specific subunits TAF1, TAF2, 
and TBP are most likely to form the lobe 
A subcomplex, which interacts flexibly 
with the stable BC core, defining either a 
canonical or a rearranged state of TFIID 
for binding to promoters with TATA, Inr, 
MTE, and DPE motifs.
TFIID-induced DNA Topology 
Changes around the TSS
While the functional consequences of 
TFIID’s structural flexibility require fur-
ther study, we propose that TFIID’s con-
formational transitions may be necessary 
to induce specific topological changes in 
the DNA structure surrounding the TSS. 
An early suggestion of changes in pro-
moter topology came from footprinting 
experiments of partially purified TFIID, 
where TFIID induced a hypersensitive 
DNase I site at +3 relative to the TSS.17,18 
This hypersensitive site has been found 
consistently for all DNase I footprint-
ing studies performed with highly puri-
fied TFIID from Drosophila and human 
sources.5,10,15 Considering that the strength 
of this hypersensitive site appears to cor-
relate with levels of in vitro transcription, 
it has been speculated that TFIID intro-
duces topological changes in DNA neces-
sary for RNAP II loading.
Mapping of DNase I and MPE-Fe 
footprinting patterns onto the cryo-
EM model of DNA bound to TFIID 
revealed that the DNase I hypersensitive 
site at +3 is held across the central chan-
nel of TFIID and is flanked on either 
side by protected or exposed DNase I 
sites (Fig. 1D). Intriguingly, the DNA 
upstream of the TSS shows MPE-Fe sen-
sitivity, whereas the downstream DNA is 
protected from MPE-Fe mediated cleav-
age (Fig. 1E). This result suggests that the 
DNA may be flexibly bound upstream of 
the TSS, allowing the MPE-Fe to inter-
calate between the Inr and TATA box. 
On the other hand, the protection of 
DNA immediately downstream of the 
TSS suggests that the DNA double helix 
is likely more rigid in this region to pre-
vent MPE-Fe intercalation, since there are 
no strong protein-DNA contacts between 
the Inr and MTE motifs. While a higher 
resolution structure of TFIID-TFIIA-
SCP is required to unambiguously model 
This work confirmed the formation of 
a minimal TFIID subcomplex compris-
ing two copies each of TAF4, 5, 6, 9, 12. 
The 2-fold symmetry of this complex 
was broken with the addition of TAF8 
and 10, which are present as single copies 
and induce a conformational change in 
the complex. The size of this 7-subunit 
TFIID subcomplex corresponds approxi-
mately to the BC core visualized within 
the intact human TFIID. However, this 
7TAF structure cannot be docked within 
the BC core without further conforma-
tional changes of the subcomplex in a 
manner that would open up the structure 
(data not shown). This suggests that the 
7TAF complex may represent a structural 
pre-cursor to the BC core seen within 
holo-TFIID and that the remaining sub-
units of TFIID cause additional confor-
mational changes that open the BC core 
within the holo-TFIID complex. TFIID 
reconstitution strategies are exciting steps 
forward toward further structural and 
biochemical studies aiming to dissect the 
modular nature of TFIID’s function in 
transcription initiation.
A modular view of TFIID structure is 
also consistent with the fact that human 
TFIID shares a number of subunits 
with at least two other critical human 
complexes known as STAGA (Spt3-
TAF9-Gcn5-acetyltransferase),29 the 
homologous human complex for the yeast 
SAGA complex30,31 and TFTC (TBP-free 
TAF-containing complex).32 Like SAGA, 
STAGA acetylates histones via the Gcn5 
subunit to create a permissive chroma-
tin environment for transcription.33 The 
STAGA complex shares subunits TAF5, 
−6, −9, −10, and −12 with TFIID, all 
reported to be within the core subcom-
plex of TFIID.28 These same subunits 
are found within human TFTC, a pro-
tein complex capable of initiating tran-
scription from both TATA-containing 
and TATA-less promoters that contains 
additional subunits capable of histone 
modification.32
We believe that the stable core subcom-
plex of TFIID observed in vivo, in vitro, 
and now structurally8,10 (Fig. 1A, dot-
ted outline), serves as a general platform 
that is directed to specific genes or his-
tone modifications by the ‘plugging-in’ of 
accessory subunits. In the case of TFIID, 
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these promoters. This idea was confirmed 
by the cryo-EM structure of TFIID 
bound to SCP(mTATA), where the DNA 
was found in the same configuration on 
the rearranged state of TFIID.10
In contrast to SCP(mTATA), mutation 
of the Inr or MTE/DPE motifs resulted in 
the abolishment of TFIID-DNA interac-
tions in the absence of TFIIA. This loss 
of affinity was dramatically overcome by 
the addition of TFIIA, which resulted in 
the strong protection of the mutant Inr 
and MTE/DPE sequences. Importantly, 
the same pattern of DNA protection from 
+3 to 32 was observed for these mutant 
promoter architectures were derived from 
mutations in the SCP sequence, we refer 
to them as SCP(mTATA), SCP(mMTE/
DPE), and SCP(mInr), respectively. 
Mutation of the TATA box within the 
SCP sequence retained strong DNase 
I footprinting of TFIID on the down-
stream DNA sequences from +3 to +32, 
and slight protection of the mutant TATA 
box was observed, although only when 
TFIIA was added (Fig. 2A). The indis-
tinguishable DNase I footprinting pattern 
on the downstream DNA between SCP 
and SCP(mTATA) suggested that TFIID 
adopted a similar structure on both of 
cluster, suggesting that changes in pro-
moter sequences can increase regulatory 
output.35,36
The diversity of promoters recognized 
by TFIID and the ability for enhancers 
to activate selectively genes containing 
specific promoter motifs (e.g., TATA vs. 
DPE) has led to the proposal that there 
may be promoter-specific conformations 
adopted by TFIID.35 This hypothesis was 
tested through cryo-EM visualization 
and footprinting experiments of TFIID 
bound to promoters of three specific 
architectures: Inr-MTE/DPE, TATA-
Inr, and TATA-MTE/DPE. Since these 
Figure 2. Regulatory interplay between co-activators, activators, histone modifications and promoter DNA binding by TFIID. (A) TFIID exists in both 
canonical and rearranged conformational states, but only the rearranged state interacts efficiently with SCP DNA. Without TFIIA, TFIID interacts only 
with SCP and SCP(mTATA) (left). TFIIA facilitates TFIID binding to all mutant promoters (right). (B) TATA box DNA, p53, and H3K4me3 likely stabilize TFIID 
in a rearranged conformation, as these factors cooperatively stimulate transcription initiation by TFIID. Adapted from 43.
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whereby RNA levels increased dramati-
cally in the combined presence of all 
these factors (Fig. 2B). While this effect 
was diminished when the TATA box was 
mutated, the overall transcription levels 
in the presence of H3K4me3 and p53 
remained higher for the mutant promoter 
than those for the intact TATA box in 
the presence of p53 but in the absence of 
H3K4me3.
These data suggest that p53, which has 
been shown to interact directly with TFIID 
in single particle EM reconstructions,11 
and histone modifications (H3K4me3) 
could anchor TFIID to promoter DNA 
in order to facilitate transcription from 
promoters that have an intrinsically weak 
affinity for TFIID. While the authors did 
not carry out footprinting experiments, 
we believe that the anchoring of TFIID 
to promoter DNA through interactions 
with the TATA box, p53, and H3K4me3 
likely correlates with TFIID binding 
to downstream DNA through the rear-
ranged conformation, in a manner that 
would parallel what we have previously 
observed for TFIID-TFIIA binding at 
promoters lacking functional MTE/DPE 
motifs (Fig. 2A).10 Therefore, we would 
like to speculate that transcriptional acti-
vation could be due to the stabilization of 
the rearranged state of TFIID, leading to 
the optimized loading of RNAP II. Since 
TFIID’s footprint on promoter DNA co-
occupies the binding site for nucleosomes 
on the core promoter, it is possible that 
TFIID could also activate transcription 
by blocking nucleosome access to the core 
promoter, which would otherwise repress 
transcription initiation.44,45 We envi-
sion that in its rearranged conformation, 
TFIID’s extensive footprint on upstream 
and downstream promoter DNA results in 
the remodeling of DNA just upstream of 
the TSS, priming it for melting and load-
ing of RNAP II.
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does not affect subsequent steps dur-
ing transcription initiation. We believe 
that the same conceptual framework is 
useful for understanding TFIID-DNA 
recognition.
The highly concerted nature of tran-
scription initiation requires that TFIID 
adopt a specific conformation that is com-
patible with the binding of the rest of the 
general transcription factors. We propose 
that TFIID composition, promoter DNA 
architecture, nucleosome modifications, 
and activators have the potential to stimu-
late transcription through (i) stabilization 
of TFIID in the rearranged conformation 
to facilitate DNA binding, (ii) anchoring 
TFIID near promoter DNA, thus increas-
ing the local concentration TFIID on 
DNA, or (iii) both (i) and (ii). Given that 
TFIID subunits exist in multiple isoforms 
and subcomplexes in vivo,41 it is likely 
that changes in TFIID composition can 
further modulate the affinity of TFIID 
for DNA, changing the promoter-selec-
tivity of the complex. Irrespective of the 
mechanisms underlying the recruitment 
of TFIID to DNA, we believe that the 
formation of a rearranged state is criti-
cal for TFIID function by resulting in a 
high-affinity/avidity DNA binding state 
that facilitates the loading of RNAP II at 
the TSS.
In addition to activators serving as a 
selective anchor to recruit TFIID to spe-
cific promoters, histone modification-
mediated recruitment of TFIID can also 
provide affinity and specificity for TFIID 
recruitment. Previous biochemical and 
structural work has demonstrated interac-
tions between p53 and TFIID,11 in addition 
to the ability of the PHD domain within 
TAF3 to bind H3K4me3 modifications.42 
A recent study has now characterized the 
regulatory interplay between p53, histone 
H3 lysine 4 trimethylation (H3K4me3), 
and TFIID-mediated transcription initia-
tion.43 Using promoter DNA with a func-
tional TATA box, the authors studied the 
transcription output from naked or chro-
matinized DNA templates in the presence 
or absence of p53.43 In this reconstituted 
system, there were no detectable RNA 
transcripts for TFIID alone (Fig. 2B). 
However, the addition of p53, alone or in 
combination with H3K4me3, resulted in 
the activation of transcription initiation, 
promoters as was observed originally for 
the SCP.10 Therefore, these results strongly 
argue that TFIID adopts the same rear-
ranged conformation when bound to pro-
moters of varying architecture (Fig. 2A), 
indicating that TFIID does not adopt a 
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